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3 ABSTRACT

Numerous studies have been conducted on sea breeze

3] related convective activity in east central Florida. However,

in this area or elsewhere, there have been no studies on sea

breeze electrification. This research focuses on the

3 characteristics and relationship between the fair weather

electric field and the sea breeze convergence zone at the

3 KSC/CCAFS, specifically higher sea breeze convergence zone

voltages than voltages during onshore flow. Wind sensor and

electric field mill data from the CaPE project was analyzed.

3 This study did not reveal any clear indication of a higher

electric field during sea breeze convergence. There was no

3 convincing evidence of higher electric field patterns during

sea breeze convergence. Therefore, the two phenomena exist,

I but their interactions would appear to be very weak. This is

g not to say that the pattern is non-existent and the sea breeze

convergence zone does not contribute to the higher than usual

3 fair weather field. The expected interaction might be found in

bigger data sets or through other types of analysis.

I

I
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3' CHAPTER I

INTRODUCTION

3 At any given moment, the earth's surface has over 2,000

thunderstorms with lightning striking the ground 100 times per

second (Studies in Geophysics 1986). Because we reside in a

3 permanently electrified environment, lightning causes human

casualties each year. Furthermore, electrical power outages,

3 forest fires, computer equipment, communication facilities,

aircraft, and space transportation vehicles are also damaged

by lightning. The state of Florida has more thunderstorms than

3 any other state in the United States (Rogers 1991). Based on

the National Weather Service's (NWS) preliminary storm data

3 report, of the 74 people who lost their lives in 1990 after

being struck by lightning, 15 of them were hit in Florida

(Parisi 1991). The warm moist air from the Atlantic Ocean and

3 the Gulf of Mexico, combined with unstable air masses,

dramatically increase the enhancement of thunderstorms in this

3 state. This state's thunderstorm activity as well as the

worldwide thunderstorm activity contribute to the earth's

I surface having a constant electric field of several hundred

3 volts per meter even in fair weather (Studies in Geophysics

1986).

I

I
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The John F. Kennedy Space Center (KSC) and the Cape

Canaveral Air Force Station (CCAFS) are situated along the

east coast of central Florida and have a high frequency of sea

breezes and thunderstorms during the summer months. The

formation of deep cumulus convection in coastal areas during

the warm season appears to be strongly influenced by the sea

breeze in many subtropical and tropical locations (Pielke and

Segal 1986). Furthermore, it has been shown that over

relatively narrow islands or peninsulas, daytime convergence

of the sea breeze at the center is likely to enhance upward

motion and therefore cloudiness as compared with non-island

cases (Neumann and Mahrer, 1975; Abe and Yoshida, 1982). These

meteorological features, along with blowing dust, smoke and

fog, play a role in changing the local electric field. This

disrupts scheduled launches from the KSC as well as ground

operations. For example, if ground lightning flashes are

within five nautical miles of the area, more than fifty

activities must be terminated or curtailed for reasons of

personnel safety (Nicholson and Jafferis 1988). Lightning has

had a dramatic impact on more than one occasion and has caused

work stoppages on a regular basis (Nicholson and Jafferis

1988). The primary purpose of the electric field mills

(atmospheric electric sensors) is to detect surface electric

potential aloft (Weems 1991) . However, there are times when

the atmospheric electric sensors are electrified without

thunderstorms in the immediate area. It is during these
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situations that the presence of the sea breeze has been noted.

The purpose of this research is to discover if a correlation

3 exists between the fair weather electric field and the sea

breeze convergence zone.

U The meteorological staf.. at the KSC and the CCAFS are

3 providing the data for the study in return for a copy of the

results. The data are obtained as part of the Convection and

3 Precipitation /Electrification (CaPE) Experiment that was

conducted in east central Florida during the period of 8 July

3 to 18 August 1991. This project was conducted under the

guidance of KSC Electrical Space Engineer Mrs. Launa Maier,

Meteorological Instrumentation Department.

3 1. Problem statement

The onset of a sea breeze is critical for some of the

3 thunderstorms that might develop over the KSC/CCAFS. This

project is interested in the characteristics and relationship

between the fair weather electric field and the sea breeze

3 convergence zone at the KSC/CCAFS. More specifically,

variations in time will be examined for offshore flow,

3 transition zone flow (convergence zone flow), and onshore

flow. In short, this project will determine the extent to

I which the fair weather field and sea breeze convergence zone

3 are related.

2. High electrical field at the KSC/CCAFS

3 High electric sensor readings occur for three reasons.

Dust storms are the first, occurring behind a dry cold frontI
U
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3 where the winds reach speeds up to thirty knots (Maier 1992;

Personal communication). Blowing dust has a charge and this

3 results in the electric sensors reading two or three kv/m, far

above fair weather. Secondly, smoke will also cause high

I electric fields for similar reasons as dust storms.

Fortunately, smoke is very isolated and the observer can

actually see the smoke over the electric sensor and understand

why the electric sensors have high readings. Fog is the third

factor. However, KSC scientists and researchers are not sure

3 if the electric sensors are creating an electric field in the

fog or if the electric field actually exists in the fog.

Furthermore, fog lies directly overhead of the electric

3 sensors. Since it is close to the sensors, there isn't much

concern. Concern is expressed when the electric sensors are

3 detecting sources aloft.

3. Importance of lightning forecasts at Cape Canaveral

3 This research's study region focuses around the CCAFS.

3 This area experiences the majority of its thunderstorm

activity during the months of May through October (Nicholson

3 and Jafferis 1988). Air Force weather forecasters must

predict lightning within five nautical miles of a specific

I area with lead times of 30 minutes just for daily ground

3 processing operations (Nicholson and Jafferis 1988). This

prevents damage to equipment or injury to people during launch

3 pad, payload, crane, explosive and toxic chemical operations

(Parisi 1991), and it brings an end to outdoor work.3
I
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Furthermore, the rollout of the space shuttles from the

vertical assembly building to the launch complex requires a

3 forecast of a 90 percent probability of no lightning within 20

nautical miles for eight hours or longer (Weems 1991). In

3 addition, delayed work stoppages result from electrical charge

that may still linger and occasionally initiate powerful

lightning discharges (Weems 1991). Because lightning is

3 common in the area, NASA and the Air force presently have very

stringent meteorological criteria which must be met for the

3 launch of space vehicles (Appendix A). For example, no

launches will be conducted if fifteen minutes prior to the

launch, any of the electric field mills record in excess of

3 1 kv m-1 (Weems 1991) . These stringent criteria often result

in unnecessary work stoppages of lightning sensitive programs.

3 This research may be able to reduce daily work stoppages by

determining if, and to what extent, a correlation exists

I between fair weather electricity and the sea breeze

3 convergence zone.

Another concern to forecasters is the threat of lightning

3 triggered from high electric field potential aloft, such as

occurred with the Atlas-Centaur 67 launch vehicle on March 26,

3 1987 (Christian et al. 1989) . Therefore, to reduce the

i chances of an spacecraft being hit by either natural or

triggered lightning, scientists warn against launching if

l lightning is detected within 10 nautical miles of the launch

site, or planned flight path, within 30 minutes before theU
U
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launch (Parisi 1991). Launches are also avoided if the

planned flight path is through a vertically continuous layer

5 of clouds with an overall depth of 4500 feet or greater, where

any part of the clouds are located between the zero degree and

3 minus 20 degree Celsius level and if the planned flight path

will carry the vehicle through or within 10 nautical miles of

I the nearest edge of any cumulonimbus cloud (Parisi 1991) . A

more detailed listing of forecasting constraints for natural

and triggered lightning may be found in Appendix A.

3 4. Summary of central Florida weather

In order to better understand the climatology of Florida,

I a brief description is presented. In the summer, the north-

3 south oscillation of the Atlantic/Bermuda high influences the

locations and severity of thunderstorm development (Foote

1 1991). Studies indicate an interaction between synoptic wind

and sea breeze circulation in determining the timing and

I locations of convective activity (Foote 1991). Thus, the sea

breeze circulation and normal patterns of Florida convection

assume different characteristics depending on whether the

3 prevailing low-level flow has an onshore, offshore, or

alongshore component (Foote 1991).

3 Generally, onshore flow (SW flow) along the Gulf coast

may drift eastward (usually in NNE-SSW lines) across the CaPE

region. It is more unstable air, contains deeper moisture,

* and more large-scale upward vertical motion than that from

other quadrants (Foote 1991). Furthermore, due to thisU
I
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i process, a significant lightning maximum is depicted along the

east coast.

3 Onshore flow (NE flow) along the Atlantic coast is

characterized by a shallow low-level maritime moist layer,

3 capped by a subsidence layer with dry conditions aloft; this

flow along the Atlantic coast normally generates less vigorous

convection, which results in less lightning (Foote 1991).

3 Alongshore flow (NW flow) has little influence and does

little to impede or aid the progress of the sea breeze; it

3 injects dry continental air into the region (Foote 1991).

However, isolated deep convection may result along both coasts

I in regions of sea-breeze convergence (Foote 1991).

3 SE flow is conditionally unstable and contains deeper

moisture than either NW or NNE flow; furthermore, as the sea

3 breeze moves inland under this regime, towering cumulus may

occur over the Cape and Merritt Island (occasional lightning

I producers) during mid-morning (Foote 1991). This results in

main thunderstorm activity concentrating on the sea breeze

convergence zone on the mainland east of, or in, the St. Johns

3 River valley (Foote 1991).

Light and variable conditions occur 10-15% of the time

3 and pose the greatest forecast problem because, along with the

sea breeze, river breezes generate convergence zones on Cape

Canaveral and Merritt Island, and if conditions are favorable,

U clouds may develop into lightning producing storms by mid-

morning (Foote 1991). To complicate things even further, bothU
U
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a west coast and east coast sea breeze are generated and a

slow progression of both sea breezes toward the center of the

3 state are possible (Foote 1991).

5. Discussion of CaPE experiment

3 The Convection and Precipitation/Electrification (CaPE)

experiment was conducted in east central Florida during the

period 8 July to 18 August 1991. More than one hundred

3 scientists from the National Center for Atmospheric Research

(NCAR) in Boulder, Colorado, as well as scientists from 25

3 National Aeronautics and Space Administrations (NASA), the

U.S. Air Force, and the Federal Aviation Administration (FAA),

I tracked thunderstorms to study electric fields in the clouds,

3 storm evolution, and rainfall particles (Parisi 1991) . The

experiment was designed to focus on five objectives that have

* been the basis of extensive research activity in recent years.

The themes are defined as follows: (1) identification of the

U relationships among the co-evolving wind, water, and electric

3 fields within convective clouds; (2) determination of the

meteorological and electrical conditions in which natural and

3 triggered lightning can (and cannot) occur, and understanding

the initiation and propagation of lightning; (3) development

I of mesoscale numerical forecasts (2-12 hr) of wind, clouds,

and thunderstorms, employing data assimilation; (4) improving

techniques for performing short-period forecasts (nowcasts, <

3 2 hr) of convection initiation, downbursts, and tornadoes; and

(5) the characterization of precipitation particles and remote

I'
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3 estimation of rainfall (Foote 1991).

The study region for this research on sea breeze related

3 electrification is the same as the CaPE experiment and will be

discussed in detail, in chapter three. Chapter two contains

3 a review of fair weather electricity, sea breezes, and a

literature search relevant to this research. Data and methods

will be presented in the third chapter, with chapter four

3 containing a discussion of the results. Lastly, a summary of

the research completed and suggestions for further study will

3 be presented in chapter five.

I
I
i
I

I
I
I

I
I
I
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3 CHAPTER II

BACKGROUND MATERIAL AND RELEVANT LITERATURE REVIEW

3 1. Review of sea breezes

Sea and land breezes are caused by differential heating

of land and water. When both land and water are exposed to

3 the same intensity of solar radiation, the land surface warms

more quickly than the water surface (Moran and Morgan 1991).

3 The land heats the overlying air, thereby lowering air

density. However, the air above the water is much cooler.

U Therefore, as shown in Figure 1, a local horizontal air

3 pressure gradient develops between land and water, with the

highest pressure over the water surface. Cool air sweeps

3 inland due to airflow moving down the pressure gradient.

Furthermore, continuity requires a return airflow directed

i from the land to the water, with warm air rising over the land

3 and cold air sinking over the water (Moran and Morgan 1991).

A land breeze is the reversal of the surface winds. At

3 night, radiational cooling chills the land surface more than

the water surface, and a horizontal gradient in air density

3 gives a rise to a horizonal air pressure gradient that is

directed from land to sea. Thus, a cool offshore breeze

develops, along with a return airflow aloft, whereby air

3 subsides over the land and rises over the water (Moran and

* 10

U
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Morgan 1991).

Land breezes reach maximum strength just before sunrise

but tend to be weaker than sea breezes while sea breezes

generally do not reach maximum strength until midafternoon

3 (Moran and Morgan 1991). Sea breezes are generally restricted

in depth by the height of the mixed layer (1 or 2 km) and

U extend inland from the coast 10-50 km (Reible et al. 1993).

3 Furthermore, wind speeds will increase as the sea breeze moves

inland (Maier 1992; Personal communication).

3 Observational studies of the Texas coast sea breeze show

that it is best developed at about 1500 local time, when the

I mean onshore breeze has a velocity of 6 m/s, with the return

3 flow averaging 3 m/s (Schaefer et al. 1992). Convective

showers most likely develop in the area of strongest

3 convergence about one or two hours later; in addition, low-

level winds along coastlines are usually affected by the sea

3 breeze, even when large-scale synoptic influences are present

(Schaefer et al. 1992).

Land and sea breezes typically develop and diminish so

3 rapidly that they -re not significantly influenced by the

Earth's rotation (Moran and Morgan 1991). However, in some

3 localities, the Coriolis effect is responsible for a gradual

shift in the direction of a sea breeze through the course of

a day, but the magnitude of the Coriolis is always weaker than

3 the pressure gradient force.

I
I
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2. Review of fair weather electricity

In the introduction, it was mentioned that worldwide

thunderstorm activity contributed to the earth's surface

constant electric field (the global circuit) of several

hundred volts per meter even in fair weather. An explanation

of the global circuit will be presented here.

It is known that thunderstorm clouds are electrified.

However, it is far less well known that the fair weather

atmosphere is also electrified and that thunderstorms generate

this electrification (Pierce 1992). A thunder storm cloud is

electrified so that the upper portions are positively charged

and the lower parts negatively charged. However, below the

cloud there is an interchange of electricity with the Earth by

three main processes: (1) cloud-to-ground lightning; (2)

point discharge and conduction currents; and (3) rain (Pierce

1992).

Pierce states that these three main processes transfer

negative electricity to ground at a rate of about 1 ampere

(A) per storm. Wilson's (1925, 1926) original solution of how

the Earth maintains it's negative charge considered only

conditions below the cloud. Later, he discovered that a

thunderstorm transfers positive charge toward the conducting

upper atmosphere, this theory is known as the global circuit

(Pierce 1992). In the upper atmosphere, the charge is

redistributed laterally to the fair weather areas so that the

thunderstorms effectively supply the driving potential of 3 X
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105 V for the fair weather currents, see Figure 2 (Pierce

1992). The upper positive charge in the cloud creates a

strong field, driving positive ions upward (Pierce 1992).

Wilson's concept is generally accepted even though the exact

morphology of the currents in the upper atmosphere is still

somewhat uncertain (Pierce 1992).

Pierce states that over land, beneath a thunderstorm

cloud, potential gradient (or field) is directed predominantly

vertically, fluctuates in magnitude, and often has a peak

magnitude of about 10 kV m-1. Furthermore, the gradient varies

in sign but is usually negative, indicating a dominant

negative charge in the lower portion of the cloud overhead;

and as the storm approaches, the positive fair weather

gradient often increases in size, then decreases and passes

through zero to become strongly negative when the cloud is

overhead (Pierce 1992). Figure 3 illustrates these field

change fluctuations of a very weak storm that approached

within 7 km of the recording site. In this figure, Pierce

showed the reversal of the potential gradient from positive to

negative as the storm moves nearer and the abrupt positive

changes caused by close lightning.

Pierce also states that measurements of fields within

thunderstorm clouds are difficult; but, generally fields

within clouds are about 50 to 200 Kv m'-. Also, there is often

an increase in field when the cloud is entered, and there are

localized regions of extremely high fields in the cloud, some
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as high as 400 kV m-1 (Pierce 1992).

Thus, the solid and liquid Earth and its atmosphere are

almost permanently electrified; the surface has a net negative

charge, and there is an equal and opposite positive charge

I distributed throughout the atmosphere above the surface

(Studies in Geophysics 1986) . In fair weather, there is an

electric field of 100-300 v/m near the ground that is

3 maintained by worldwide thunderstorm activity (Pierce 1983).

Cloud-to-ground lightning transfers negative charge to the

ground, and the point discharge currents under a storm

transfer positive space charge to the atmosphere.

U 3. Relevant sea breeze studies

3 Past studies from southern Florida (Watson and Blanchard

1984; Cunning et al. 1982; Cooper et al. 1982; Ulanski and

Garstang 1978) indicate that surface winds have the potential

to be useful for predicting new thunderstorm growth. It is

safe to assume that during the summer in Florida, most

* convective development is triggered by processes in the

boundary layer. The life cycle of these thunderstorms is

3 likely to be reflected in the surface wind field beneath the

storms. This assumption, however, does not always hold true

I for thunderstorm development in a more midlatitude environment

3 (Watson et al. 1983) or during other seasons in Florida. Thus,

typically, studies on surface wind convergence at the KSC

3 focused on cloud-to-ground lightning prediction (Watson et al.

1991; Watson et al. 1987) and are not emphasizing sea breezeI
U
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related electrification. More specifically, the relationship

between the sea breeze convergence zone and its effect on the

electric field potential aloft.

Other studies have emphasized the importance of the

U interaction between the synoptic wind field and the sea-breeze

circulation in determining the timing and location of

convective activity across the Florida peninsula (Byers and

Rodebust 1948; Gentry and Moore 1954; Estoque 1962; Frank et

al. 1967; Neumann 1971; Pielke 1974; Blanchard and Lopez 1985;

Waston et al. 1987). Lastly, scientists have shown that the

spatial cloud-to-ground lightning distribution in central

Florida is determined in large part by this interaction (Lopez

3 and Holle 1987).

4. Relevant fair weather electricity studies

Evidence in the late 1960s and early 1970s indicated that

the presence of sea-salt particles added to the instability of

I certain parcels of air over the sea, causing ascent, and

* perhaps leading directly or indirectly to cloud formation

(Woodcock et al. 1963). Blanchard (1963) postulated, on the

3 basis of laboratory experiments with salt water, that whitecap

activity over the open ocean would produce positive

I atmospheric space charge by means of highly positively charged

* water drops ejected into the air by the bursting of air

bubbles at the air-sea interface (Gatham and Hoppel 1970).

3 Later Blanchard observed high values of positive space charge

during periods of onshore winds on the island of Hawaii; theseI
I
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values were presumably due to the bubble electrification

process in the surf zone (Gatham and Hoppel 1970).

Thus, there are no studies on surface convergence in

relation to the electric field potential aloft either at the

KSC or elsewhere. Thunderstorm producing sea breeze

convergence studies have been done but studies in sea breeze

convergence in relation to the electric field potential aloft

3 have not.

However, changes do occur in the electric field around

the KSC in conjunction with the fair weather sea breeze onset.

Salt water bubbles burst and add positive ions to the air

I (Blanchard 1966). The ions are on aerosols and stay aloft

i better in converging, rising air, lasting for extended periods

of time and producing higher than usual electrical readings.

i As the sea breeze enters the coast, convergence begins to

occur, and as the sea breeze moves inland, the zone of

I convergence stays along its leading edge, the sea breeze front

i (Maier 1992; Personal communication). The sea breeze front

defines the edge of the inland penetrating marine air mass

i (Pielke and Segal 1986). When the sea breeze moves inland the

convergence area is cut off from the surf (ion source region).

3 Therefore, an enhancement of the fair weather electric field

occurs during sea breeze convergence. The background level may

be 300-400 v/m and then it will jump to about 700-800 v/m

3 (Maier 1992; Personal communication). Volts per meter is the

measurement unit for the electric field (Wahlin 1986). As

I
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u convergence moves further inland the voltage once again drops

and returns to previous levels.

I

I
I
i
I
i

I
I
I
I
i
I
I
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CHAPTER III

DATA AND METHODOLOGY

1. STUDY REGION

This project uses CaPE data gathered in the vicinity of

the KSC and the CCAFS. Figure 4 displays a map of the general

study region, presenting the locations of all the

meteorological sensors including the wind towers and the

electric field mills. The study region has three rivers, the

Indian River, the Banana River, and the St Johns River. These

rivers help set up local water-land breezes which initiate

convective cloud development. In order to characterize the

relationship between fair weather electricity and sea breezes,

wind sensor data and atmospheric electric sensor data must be

analyzed. A description of each type of data will be discussed

in following sections.

2. Wind sensor data

Wind sensor data or wind tower data is primarily used to

indicate the onset of a sea breeze or thunderstorm on the

coast. The KSC/CCAFS has 51 wind sensor systems, and the 790-

ikm2 analysis area is shown in Figure 5. Although individual

towers have varying heights and instrumentation, this study

used winds mainly sampled at 3.65 m (12 ft), which is one of

the lower levels for all sites that contains wind direction,

18
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wind speed, wind gusts, and wind deviation. Plates I and II

located in Appendix B display photographs of the full-scale

wind tower #0001 and a close-up of its equipped wind sensor

instrumentation. The wind data are recorded in increments of

five minute averages.

The onset of a sea breeze is critical for some of the

thunderstorms that might develop over the study region due to

land-water breezes initiating convective cloud development.

In the morning when the land starts heating up, not only is

the ocean cooler but so are the rivers. Therefore, both sea

breezes and river breezes evolve. For example, wind sensors

#0001, #0003, and #0006 may make a turn to the east first. At

the same time, the wind sensors east of the river start to

turn to the west (westerly wind) due to the relatively lower

river temperatures resulting in a river breeze similar to the

sea breeze on this side of Cape Canaveral. This same phenomena

happens on Merritt Island and the KSC. The wind sensors start

to show an easterly wind from the St Johns and Indian Rivers,

where on the other side a westerly wind emerges resulting in

a line of convergence that starts setting up over the center

of Cape Canaveral and over the center of Merritt Island and

the mainland. The strongest convergence is typically before

noon along Merritt Island and Cape Canaveral; otherwise, by

afternoon, the thunderstorms caused by the sea breeze will

dissipate.
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i The wind sensors must be used in conjunction with the

electric field mills in order to compensate for the river

I breezes complicating the environment and in linking changes in

electrical activity with sea breeze onset. If these rivers did

3 not exist, there would be no westerly component leading to

convergence over the study area. Once convergence exists,

I3 then the atmospheric electric sensors can be monitored as the

3 first indication that in situ charge is developing.

3. Atmospheric electric sensor data

3 The primary use of the atmospheric electric sensor data

is to indicate an electric field aloft, such as electrified

clouds in thunderstorms. The KSC/CCAFS atmospheric electric

3 sensor network comprises 31 electric field mills that

constantly monitor the surface electric-field intensity over

3 the entire area of KSC/CCAFS, see Figure 6 for a map of the

atmospheric electric sensors (Foote 1991). This network

3 measures electric fields at sixty Hz resolution (Foote 1991).

3 The data were recorded as 10 samples per second for each

electric field mill. However, for this project the data was

i retrieved and analyzed as one minute averages.

In this study, ground based electric field mills are the

3 source of data on the electric field aloft. Other electric

field measuring devices such as rockets, balloons, and

airplanes are not used. The ground based rotating vane

3 electric field mill senses charge induced on different plates,

or stators, alternately shielded from and exposed to the

I
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3 atmospheric electric field by a grounded rotor, see Plate III

for photograph (Rust 1988). Furthermore, geometrically

3 opposite sensor plates are connected to each other, and each

pair in turn is connected to the inverting input of an

3 amplifier (Rust 1988). Therefore, the amount of charge

induced on the stators, and thus flowing in the amplifier

circuit, is a function of the magnitude of the local electric

3 field (Rust 1988).

Ground based electric field mills are designed to measure

from about 100 v m-' (fair weather) to 20 kV m-1, intense

thunderstorm cloud overhead (Rust 1988). In addition, fields

at the Earth generally do not exceed about 15 kV m-n because

p they are limited by space charge originating in corona

breakdown from vegetation and other projections above ground

3 (Rust 1988).

4. Wind sensor data analysis

The data analysis process consisted of two parts, (1)

3 identification of sea breeze onset time based upon the wind

sensor data and (2) analysis of the electric field variations

* based upon the electric field mill sensor data during and

after sea breeze onset. The wind sensor data analysis will be

I discussed first.

3 Of the 51 wind sensors, only those located near the coast

and near an adjacent electric field mill were analyzed. Since

3 many wind sensors were missing data, due to data collection

failures, only wind sensors #0003, #0110, and #0112 wereI
I
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analyzed. With a criteria of wind direction between -450

(northwesterly wind) to 1800 (southerly wind), due to the

3 eastward protruding tip of Cape Canaveral allowing a more

lenient sea breeze wind direction, three tables of 13 sea

3 breeze onset days was assembled. Change in the local wind

direction and magnitude were sought in order to identify the

time of sea breeze onset. The criteria of wind speed

3 variations of 2 to 3 kt was used due to the CaPE wind tower

data set for non-sea breeze days having zero to 1 kt

5 variations. Thus, it was deemed sufficient that 2 to 3 kt

variations be used. Winds were checked every five minutes to

see if wind shifts occurred. Data were only analyzed from

g 13:00 Z to 20:00 Z since the sea breeze at the KSC/CCAFS

usually occurs during these hours. Of the 42 days of data

5 collected during the CaPE experiment, sea breezes were

identified on only 13 days.

I Table 1 (Appendix C) shows the sea breeze onset times for

wind tower #0003. A summary of sea breeze onset times for

wind tower #0110 and #0112 is also shown in Table 2 and Table

1 3, respectively. The most pronounced sea breeze onset days for

all three of these wind towers were Julian dates 91200 and

1 91203. Most pronounced sea breeze onset days is defined as

(1) wind direction within -450 to 1800, (2) having wind speed

variations of at least 2 to 3 kt, and (3) havinc sea breeze

onsets lasting for more than 60 minutes. Note that Tables 1-3

list all sea breeze onset times, in regard to wind directionI
I
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and magnitude, whether the onsets lasted for 60 minutes or

not. However, times acquiring all three categories were only

3 further analyzed. Figures 7-12 (Appendix D) graphically

displays the wind direction and magnitude for these days, from

3 13:00 Z to 20:00 Z.

5. Atmospheric electric sensor data analysis

After a list of sea breeze onset times and days was

3 established (Tables 1-3), an analysis was conducted of the

electrical field variations before, during and after sea

breeze convergence. In this study, only electric field mills

adjacent to the three established wind towers (see above

section) were used. Of the 31 mills available, this included

3 atmospheric electric sensors: #08, #09, #12, #13, #16, #26,

#28, and #30. The atmospheric electric sensor data were only

3 analyzed from 13:00 Z to 20:00 Z, similar to the wind sensor

data. It should be noted that this data set also had some

missing data. The electric field mill data were analyzed in

3 two steps: (1) time series of the voltages for all eight

electric field mills were plotted for each established sea

breeze day, and (2) means and standard deviations were

computed only for those mills and days containing the desired

I pattern. The graphing and statistical package used was the

3 Quattro Pro version 3.0 software, and results will be shown in

the next chapter.!
I
I
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5 CHAPTER IV

RESULTS AND DISCUSSION

* Due to land-water breezes initiating convective cloud

development, the onset of a sea breeze is critical for some of

the thunderstorms and convergence zones that might develop in

5 the study region. This project looks for a pattern whereby

changes in the electric field occur with the fair weather sea

3 breeze onset. Ions from salt water bubbles are on aerosols

that more successfully stay aloft in converging, rising air,

lasting for extended periods of time, and producing higher

i than usual electrical readings. It would seem that an

enhancement of the fair weather electric field occurs during

sea breeze convergence. The expected background electric

field may resemble a pattern varying randomly around at 300-

400 v m-', for offshore flow, and then it may jump to about

5 700-800 v m-' during convergence or transition zone flow. As

the sea breeze moves inland, the convergence area is cut off

5 from the surf (ion source region) and the voltage once again

drops and returns to previous levels during the onshore flow.

I A time series data plot of this expected pattern is shown in

I Figure 13.

The time series voltages were plotted for all thirteen

3 sea breeze days. This displayed the electrical activity from

*24
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g 13:00 Z to 20:00 Z. After the time series data were plotted

for sea breeze days, three groupings were established, (1)

3 those days in which unusually high or unusually low electric

voltages occur during onshore flow, (2) those in which the

i electric field does not change during sea breeze onset or

afterwards, and (3) sea breeze days with some periods of time,

not necessarily during sea breeze, when the electrical field

3 values increase beyond background fair weather levels. These

are discussed in the following three sections.

3 1. Sea breeze days with extreme voltage readings

Julian day 91201 is a good example of sea breeze days

that had unusually high or unusually low electric field

3 voltages, occurring at seemingly random times (Figures 14-18).

Note that the sea breeze onset times occurred differently for

£ each wind sensor (Tables 1-2), and that none of the

convergence zone voltages were close to the expected 700-800

I v m'. In fact, some convergence zones are negative. There are

also some days that acquired two sea breeze onsets. Note that

each wind tower corresponds only to specific adjacent

atmospheric electric sensors. For example, wind sensor #0003,

with adjacent electric field mills #28 and #30, registered sea

I breeze onsets, using all three criteria, at 1135 local time

(15:35 Z) and 1335 local time (17:35 Z) (Figures 17-18) . Sea

breeze onset at wind sensor #0110, with adjacent electric

5 field mills #13, #16, and #26, occurs at 1050 local time

(14:50 Z), see Figures 14-16. Some electrical fields measuredU
I
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3 higher than 4,500 v m-1 (Figures 15 & 18), and as low as -8700

v m-1 (Figure 15). Thus, these sporadic electric field

3 variations did not resemble the expected pattern, of low

positive voltages, on sea breeze days.

3 The fluctuations of the electric field are possibly due

to convective development that began at 11:00 Z, as bands of

showers and thunderstorms moved ashore in a one hundred mile

I zone along the east coast centered on Cape Canaveral (Williams

et al. 1992) . On this day, it seemed that activity was

3 unusually strong for approximately four hours (11:00-15:00 Z)

and development continued as this band of showers and

associated sea breeze development elsewhere moved rapidly

3 westward across Florida (Williams et al. 1992).

2. Sea breeze days with little electrical field variation

i Julian dates 91200 and 91203 had the most pronounced sea

breeze days, as measured using any of the three sea breeze

criteria (Chapter III). On these days there were no large

3 positive or negative voltages reported during the sea breeze

event. However, even though these days fit the sea breeze

criteria, their corresponding electric field did not resemble

the electric field pattern by which voltages change during sea

I breeze onset (Figures 19-34) . The electric field stayed at

3 fair weather values (300-400 v m') most of Julian day 91200.

There was a constant negative recording for all eight electric

3 field mills from 15:00 Z to 16:00 Z. In this case where

convective development and sea breeze interactions remain weakU
I
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3 for a day, Maier (1992: Personnel communication) has suggested

that a negative field might be linked to insect or animal

3 interactions with the instrumentation. Spiders creating webs

on the rotating stators or birds actually landing on the

3 ir.strumentation, might be a possible explanation for such

large negative fields since the study region is located on a

wildlife refuge.

3 Julian day 91203's electrical voltages also stayed mostly

in the fair weather field. The only exceptions were electric

5 field mills #13, #16, and #26 which correspond to wind tower

#0110 (Figures 30-32). They recorded electric fields as high

as 6,300 v m-' and low as -4000 v m-1 between the hours of

3 13:00-14:30 Z. Morning showers were produced due to onshore

flow, possible between 13:00-14:30 Z; but overall conditions

i remained generally suppressed with weak convective development

in the study region as the sea breeze moved inland (Williams

et al. 1992). Furthermore, it is not known why, on this day,

3 the surface electric field mills did not begin recording until

13:58 Z (Williams et al. 1992). Therefore, the morning

3 electrical fluctuations may have resulted from instrument

failure.

U 3. Sea breeze days with electric field variations during
onshore flow

3 In this last group of days, electrical field changes

seemed to resemble those expected for sea breeze convergence

events, but in fact a linkage to sea breeze onset could not be

5 clearly identified. Julian days 91227, 91228, and 91204 are

U
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3 characteristic of this type of day, with 91204 being the best

example.

3 Julian day 91227 (Figures 35-39) had some electric field

mills that had electrical field changes resembling the

3 expected pattern but instead of dropping back down again to

fair weather values after the sea breeze onset, the electric

field would continue to increase. In particular, Figure 35 has

3 an onshore flow at 18:25 to 20:00 Z. In this example, the

voltages start off in fair weather then increase to

3 approximately 500 to 600 v m-1 during convergence zone flow

before reaching onshore flow. However, the electric field

continued to rise (approximately 650 v m-1) then drop back down

3 to fair weather values at 19:00 Z then suddenly increase to

approximately 800 v m-'. Figures 36-38 show more examples of

3 this behavior; however, Figure 39 does not. In this case

higher voltages do occur before onshore flow but the values

are as high as 1500 v m-i. Furthermore, the voltages start off

3 around 500 v m-', higher than fair weather values. Therefore,

the expected convergence zone values were not to be this high,

and the expected onshore values were not to be this negative.

Julian day 91228's (Figures 40-44) electrical pattern was

I similar to Julian day 91227. Both days had electric field

3 increases during onshore flow, though 91228 did not increase

or fluctuate so sporadically, and not like Julian day 91227

3 all the electric field mills for Julian day 91228 had the same

sea breeze onset pattern.I
I



5 29
3 The last example, Julian day 91204 had several time

periods when the electrical field exceeded 500 v m-'. As shown

3 in Figure 45, onshore flow occurred at 18:05-19:00 Z.

Convergence zone (17:20-18:00 Z) voltages were higher than the

I fair weather values, peaking at 616.4 v m-'. However, during

i onshore flow the voltages continue to increase sporadically to

812.8 v m-i'. Adjacent electric field mill #30 (Figure 46) had

a different pattern with the convergence zone (17:15-18:00 Z)

voltages, peaking at 552.4 v m-1. These values were not as

i high as the voltages for electric field mill #26 (Figure 45),

but they were greater than its onshore flow (18:05-19:00 Z)

voltages that peaked at 569.8 v m-1 and sporadically dropped

3 to fair weather values. Voltages began increasing after 19:00

Z. This might be due to a weak sea breeze formation that only

3 lasted 15 minutes. On this day, weak convective activity

dominated the area (Williams et al. 1992). Performing a

I statistical analysis on the one minute electric field

3 averages, for all eight mills from 13:00-20:00 Z, resulted in

this day's mean voltage for electric field mills #28 and #30

I being 590.1 and 413.6 v m-' respectively, see Table 4 in

Appendix B. The table also lists the standard deviations as

well as maximum and minimum voltages. For this date, further

3 statistical analysis was completed for only the convergence

and sea breeze zones, Table 5. For mill #28, the mean

3 electric field voltage during convergence flow were not the

expected higher values during convergence flow. The mean

U
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3 convergence zone value was less than mean sea breeze zone

value. However, mill #30 did resemble the expected pattern.

3 The mean convergence zone value was higher than the mean sea

breeze zone value, but the difference was not significantly

I greater.

3 4. Discussion

Only one sea breeze day had an electric field time series

3 pattern that even closely resembled the hypothesized pattern

in which voltages rise sharply during the onset of the sea

3 breeze. This project's data set suggest that a link between

electrical field and sea breeze convergence is weak at best

and perhaps non-existent. Failure to verify the hypothesis

3 may be due to a poor sea breeze event criteria. However, sea

breeze onset times were rechecked using more stringent

3 criteria, wind directions between 50-1300 for wind tower 40003

and wind directions between 30-1300 for wind towers #0110 and

#0112 with wind directions required to last 30 minutes instead

3 of the original 60 minutes. This reanalysis produced the same

thirteen sea breeze days; however, these sea breeze durations

I were much shorter.

Furthermore, the electric field sensors during the CaPE

project were over estimating the ambient electrical field

3 values. A test was used to validate the absolute calibration

of the field mills, and was conducted by the Computer Sciences

3 Raytheon (CSR) Operational Analysis Section (CSR 3200) and the

NASA KSC Instrumentation and Measurements Branch (TE-CID-3)I
I



U

131

3 during September and October 1990 (Maier and Maier 1992). This

involved the installation of a calibrated, flush mounted field

3 mill in close proximity to an existing operational field mill

so that data could be collected simultaneously from both

I instruments while they were exposed to similar electric field

conditions (Maier and Maier 1992). As a result, the actual

ambient electric field was overestimating by a factor of 1.36

3(Weber 1992). This was not be a concern since this applies

to all the electric sensors. It should be noted that field

3 mills, like any other meteorological instrument, must be

calibrated periodically in order to provide an accurate

absolute measure of the electric field intensity (Maier and

3 Maier 1992).

o
I
I
I

I
I
I
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3 CHAPTER V

CONCLUSION

This project described the characteristics and

relationship between fair weather electricity and sea breezes.

at the KSC/CCAFS. The data were analyzed by first estimating

the onset of sea breezes, based upon the wind sensor data, and

then analyzing the electric field variations based upon the

3• atmospheric electric sensors data for offshore, convergence,

and onshore flow. This study did not reveal any clear

indication of a higher electric field during sea breeze

3I convergence due to the addition of positive ions to the air

that are attached and carried on aerosols originating on salt

3 water bubbles. As the sea breeze sets in on the coast,

convergence begins to occur, and as the sea breeze moves

inland the zone of convergence stays along its leading edge

3 (the sea breeze front). However, as the sea breeze moves

inland the convergence area is cut off from the surf (ion

1 source region). Thus, at sea breeze onset and convergence, a

brief enhancement of the fair weather electric field occurs.

U However, this project did not identify any convincing evidence

3 of these electric field patterns. Therefore, the two phenomena

exist, see Chapter IV, but their interactions would appear to

3 be very weak. This is not to say that the pattern is non-
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existent and that the sea breeze convergence zone does not

contribute to the higher than usual fair weather field. The

expected interaction might be found in bigger data sets or

through other types of analysis.

For example, the wind and electric field mill data may be

3I examined from other perspectives, possibly an examination of

electric field variations during high or low tides. During

high tide it is noticed that the water level will be closer to

the electric field mill. Furthermore, during tropical storms

or hurricanes, large swells occur and the ocean is relatively

rough allowing the water level to come up further on the beach

than normal. Sea state information would be needed for

further evaluation. Secondly, a consideration of the strength

of convergence might be evaluated. This would require

examining wind speed variations. Lastly to account for more

accurate sea breeze onset times, a study may be performed that

allows an inland wind sensor to be monitored before, during,

and after convergence. This will reveal a more accurate sea

breeze onset time due to the analyzer being able to back track

to a period over the coast.
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I APPENDIX A

Forecasting constraints for natural and triggered lightning

iat the John F. Kennedy Space Center and

i the Cape Canaveral Air Force Station

I (from Weems 1991)

I

I
i
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THE LAUNCH WEATHER OFFICER MU1ST HAVE CLEAR AM O CONVINCING .VIDENCE THE *OLLO.ING CONSTRAINTS ARE NOT
VIO•..T[:

A. DO NOT LAUNCH IF ANY TYPE OF LIGHTNING IS DETE•'ED WITHIN 10 NM OF EA1 CSITE OR LANNED

FLIGHT PATH WITHIN 30 HIIJUTES PRIOR TO LAUNCH UNLESS -HE ETEOIROLOGICAL CONDITION THAT PRODUCED THE

.LIGHTNING HAS •OVED0 NONE TAm 10 vN AuAY F•O THE LAUNCH SITE OR ,L.A•D ;LIGHT PATH.

I 0. DO LAU NtmCH IF AN of TH PLANNEumD F•IGHT PATH WILL. CARRY THE VEHICLE:

1. TH40UGH CUUELUS CI.DUOS •ITH TQOPS THAT ETND TO AN ALTITUDE AT o0 ABOVE Tim PUS
S D1G-1EE CELSIUS LEVEL; Ol

2. THROUGH oR UITHIN s mm OF CUMLU CLOUDS vm.To n •HAT ETN TO Al ALTITUDE AT

OR ABOVE NHE MNUlS TO DEGREE CELSIUS L.EVE; On

3. THr On 0* lIThIN *c mm OF • J•U.LUS CLUOS '*tTN TOPS THAT EXTEND TO AN ALTITUDE

AT OR ABOVE THE MINUS 20 DEGREE C2L312US LEVEL.; ONU. ,•HJQN OR WITHIN 10 m OF THE" NEAREST EDGE OF ANY CUIRLON.•IMUS OR TwiU0ERSTORN
CLOUD INCLUDING ITS ASSOCIATED ANVIL.

C. 0o NOT LAUNCHF :, FOR MRAGES EQUIPPED WITH a SURFACE ELECTRIC FIELD IL'. 5r1UOR1K, AT ANY TINE

DURING TWE 1S 'ItNIrgS PRIOR TO LAUjNCN TIM(, THE ONE MINUTTE AVERAG OF ABSCLUTE ELEtCTRIC FIELD
INTNHS;TY AT -HE &R14UM0 EXCEEDS I KILOVOL. PER ,lTER w•THIN 5 MR OF THE ..AWNCH SITE UNLESS:

1. THERE ARE NO CLOUDS WIThIN 10 .N OF THE LNJNCH SlITE; AND,

2. S0(lE 0O GROUND TOG IS CL--cARL CAUSING ASORHAL •EADINGS.

NOTE. FOR CONFIRMED INSTRUMENTATION FAILURE. CONTIIJUE CC:UWI"' .

D. 0s NOT '-ACH4 IF T.HE FS..ED FUIGH? PATH IS THROUGH A vERTICALLY COTrT US LAYER"OF CLO moUnS WInh

AN OVERALL. 3EPTh Of (.500 FEET OR GREATER YHERE MNY PART OF THE CL03D ARE LOCATED BETUMEENI =DEEO
DEGREE AND THE MNURS 20 DEGRE CELSIUS TENPERATURE L.VELS.

9. sO NOT LAUNCH .F THE PLANRED FLIGHT PATH IS T ,OUH MAY CLOUD lYPES -- AT -sXTND -0 ALTITUDES AT

OR ABOVE THE ZERO DEGREE CELSIUS LEVEL AND THAT ARE ASSOC•ATED WITH DISTURBED WEATHER 'JITHIN S MN
OF THE FIGH4T PATH.

F. 00 NOT L.AUN1CH THROUGH TNIIDOERSTOam EB.tIS CLOUDS. OR WITHIN 5 AN OF -HMNERSTORM "EB3tS CLOUDS
NOT .4NITORED BY A FIELD MILL ZETUORK Oi PCODUCI.G XAOAR RETURNS GREATER THAN OR ECO/. '.* D008.

a. G00 SENSE RULE

IF IAZARDOUS CONDIT:ONs EXIST THAT APPROACH THE LAUNCm CONSTRAINT LL41TS OR :? HAZARDOUS ccONITIONS
ACRE 3ECLVE'D 7TOXIST POR AnY OTHER •EASONS. AN ASSESSMENT OF 'HiE NATURE AND SEVERITTY oF T THRALT

SHAU. St MADE AND 46EPORTED TO THE TEST 3IREC-OR DR LAUNCm D1IRCTOR.

DEFINIMTINS:

1. DEBRIS CLOUD * ANY CLOUD LATER OTHER T.HAN A THIN FIBROUS LAYER THAT HAS sECceE DETACHED

FROM 'we PARENT CUMULONMBflUS WIITHIN S Hount SEPORE LAUNCH.

2. DISTURBED UYAT.IN - A ,AnEyEOOifoGiCAL PHE.moaEmN THAT IS vRwDUCznG =EODEATj OR r.EATER
PREC'PITATION.

3. CI.MRR*LOUS CLOUD - ARN CCOVECT:VE CLOUD TAT EXCEEDS THE I•MS 20 0EGRE CELSIUS
rgPPERATURI LEVEL.3 ~ 4. CLOUD LATER - ANY CL.OUD go"TE. OVERCAST LAYER, *oR L.AyERS I CEDBy CLOUD ELEMENTS:
E.., * •URRETS FROM ONE CLOUD TO ANOTHER.

S. PLANNED $LIGHT P-ATH 'WTE *HAJIC7^RT IF -we 'LIGHT VEHICLE 'RON THE LAUNCm ,AD 11IROUWN
",S.PwH PQRFtIE UNTIL T 4EACHPEO HE AL.-TUOE O•P :00.. FEET.

6. ANVIL - STRATIFom" )s s'NSous cLOUD F. mCEj ay -Ef ,"PIR 1.[TVE F C T 'R$N %IRIIER...R
STORMS OR =MZCNVECTI.EOUDS. ANVIL hhES~S 10 *0t'111IET-THE WEINITION CF :T IS oprICALLT3 THIANSPARENr.
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3 TABLE 1. Sea Breeze Initiation for Wind Sensor #0003
Adjacent Electric Field Mills: #28 & #30

391199 1415-1600 105 111 TO 135 3-4

912100 1245-1060 195 29 TO 122 I,.

91201 1135-1315 90 36 TO -119 1-3

1325-1500 95 -12 To .13 4 1-11

91203 120 o5 -1600 ) 175 4TO 55________I ~91204 1205 __________________

1405-1500) 55 .0TO 12S -315 1-1)2 15 ,C- i 1-13? TO( 1323 4

)1. 6 L-40- 1245 65 .1, ________ _______41__

14 0-15: 704 TC 13 2 ________

1.24 61) ) 130 ~9-12 2

91220 15-00 155 -oTO 12 4 2 -43 5.10 5 1:5

1520-1600 -30 121-1s_______3__

91227 1340-1600 140 111-108 2'-6

91229 09'20-0955 315 -30 TO 72-

L____ 155-1600 245 -20 TO -1 2-8

I91229 1210-1600 170 -20 TO -13 9 14
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TABLE 2. Sea Breeze Initiation for Wind Sensor #0110I Adjacent Electric Field Mills: #13, #16, & 26

912010 102001025 5 121 1

1055-1100 5 117 TO C1 25 1

_____1255-1315 20 4 TO 39 1-2

i-3___12310-1600 150 78 TO 136 1-R

912101 09i5-0925 10 124 TO 131,_________

310 5 0-120 90 65 TO 124 -

______1340-1345 5 65- TO 35S1-

3 415-1420 594 TO 9310

o103 150- 110- -1I TO 41 1-2

3~~ ~~ 14 5-1600 152 TO 12 --- I______

1)120ý7 i0910-094,3 Gu 5 ' 12 -

_______ 100-1i 5. TO: 12-5 IIA

91229 0,)0-02 20 -2 ]:D -3 -

1____ 1125 -16,00 265 -2 TO -1 ~
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TABLE 3. Sea Breeze Initiation for Wind Sensor #0112I Adjacent Electric Field Mills: #08, #09, & #12

I91199 1510-1530 20 116 TOD 136 3-4

_____1540-1550 10 104 TO0 119 4-5

91200 1235-1600 265 105-32-4 1-7

91203 1300-1600 190 -23, TO 44 1-7

91227 1425 -'6 00 95 -1 TO 6i ________39122 120-600 190 -29 to 13 4- 9
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3TABLE 4. Statistical Analysis Of Julian Date 91204

3n r42o 420 420 420 420 420 420) 42 0

MEAN 370.3 359.9 262.1 464.4 560.2 584.7 590.1 413.6

MAX 654.9 615 3819 727.9 853 323.1 886 r636.9
VALUE I_ _ _ I__ _ _ _ _ _ _ ____ ____ _ _ _

MIN 222.7 232.7 -3760 216.3 255.9 308.2 383.4 171.8
VALUE __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _

STD 92.7 75.8 484.4 127.2 159.9 125.9 109.3 94.2
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TABLE 5. Statistical Analysis of Julian Date 91204I For Convergence And Sea Breeze Zones

3N 41 56 46 56

MEAN 532.6 669.4 447.5 440.5

MAX 616.4 812.3 5--;27. 4 569.8I ~ ~~VALUE ________

MIN 387.9 581.7 360.38 285.6
VALUE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _3STD 49.5 52.3 4 7. 3 .
OEV _ _ _ _ _ _ _
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II WIND TOWER #3
3JULY 19, 1991 (91 200)

I) 22 5 7 ,11,•I I 9t I J i _.I L i i i I Ia: I

S--0---"----- .- -LUII I I I I I I i ! I1 - 1 0 - - ---- -----I -' I

0 i I I i -i('~

Lu, .. -,- -r ---. - -- -- -4-4 --- 4-:,
L•u

Jlu 45 "-1-'- ' - -- - 4 - - - - - -- - - -•- - - -

z 0 sU ,IS ',4N 1" dn:I I2I+:+ i:o ":::"" "" I

13:00 14: 15:00 16:00 17:00 18:00 19:00 20:00
13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30

STIME (GMT)

3 FIGURE 7
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I! WIND TOWER #110

JULY 19, 1991 (91200)

I 80------------------"

- - , . --l--~ 9~ -- I--"r- -- m "•-

o- -1-,- -----

0 13- -- ' - - • - -C.-L

Ot i IH II l' "

3 14:00 15:00 16:00 17:00 18:00 19:00 20:00
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TIME (GMT)
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WIND TOWER #112
JULY 19, 1991 (91200)

I 315 7., i

2701 ~

225 

- ----------------, -- -, ---- •---- ---
SI •f I I I i I_ : " l

" 5 .-------------- -----------------

kZ'J I I I I I"

IL ------
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S~WIND TOWER #3
22 JULY22, 1991 (91203)3 _ 315 7 -.

------ -------- ,-------- ----- --- ---------------- ----. - -., I I I I I I I I I , I I ' ~ I ' I I I

rr _. 
.. .. ..

z c------
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3 1i . 1 - i I - o 0 1 1, -00
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t -- S ] 1I I 9I I | I I I ,, II I I I
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3

WIND TOWER #110
3 JULY 22, 1991 (91203)

2l I 2 ,:

735 2; ; ------

(n 225- 7I - 11
I iI I, I I : 2.. *'a

LUI I I I II 2I:I180---- .-- --- - - - - - ----- -- ,,--,---- ,-~.r -. ,,r- '- - 3.5. _

LI.J t I * : f,' . , et:

cr Is 35I I

z I , I ' I - I I -I

S-.... - - 2-- --- -- --- 2
I I I I I I I I I -

I - - FI~C V 21 -______________ -.2 - 2 '1

3 i30 4:00C ý15 0 0 16:00 17:00 18'00 19'00 20:00
13:30 14:30 15:30 16:30 17.30 18:30 19:30 20:30I TIME (GIMT)
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WIND TOWER #112
JULY 22, 1991 (91203)

315 7' 7
270 r... :"1 --

a: 180 wH E
I II • I I'

------------------------------------------------------------ -- - ---- -- - --------- 4--

22- --- --- ... w-•- - -'
18 " ",------- . ..- -• -. .. . .-

i t man I -
II I I I I I; i

1----------T-- ,----------------------------------,----- . . ;,' ,'',., . . ."----------------

B- 6_ ',i 1 , *,;'-" .~o 1,00 1, * c 2 '0
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-£; I I I l I t

-,:O 1:00 15:00 16!00 17:00 18:00 19:00 20:00
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I EXAMPLE OF EXPECTED PATTERN
I , I , a a a , a aI•P 4 25L _ I -I I L a L I I I a _a_ __ _

FFSHORE LOW , ONSHORE LOW1500------------------ -------- - ------- ----

-15000

200 --- I I ' - a

500 . . .. .. . . . .
0.. 1000 - ---• ---- --- ,-- -•r - - - -

> I I I I"_COQNVER8GE _NCqEZONE FLO W _ ._ _ _ • _ . _

13:00 14:00 15:00 1600 17.00 18'00 19.00 20:00

13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:303 TIME (GMT) 1300-2000 HOURS

3FIGURE 13
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II ATMOSPHERIC ELECTRIC SENSOR #13

I JULY 20, 1991 (91201)
,2500 - -------... .

[ I I I I I I I I I I
2500---•------------------------ -------------------
1000 I I I I I I I I I I I

I I I I I I I I I I I

LL 1 I I I I I7 -Soo--•-. __ ------ • -

10-0-
I 50 i• - ------------------- -• -------- SE-4 -- ,

-2000
-2500" - _
4 0 0 0 - 1t- P - I - ,,, I

-3 0 -I - - I----------

13:00 14.00 15:00 16100 17:00 18:00 19:00 20:00
13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30

TIME (GMT) FROM 1300-2000 HOURS

3 FIGURE 14
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ATMOSPHERIC ELECTRIC SENSOR #16
JULY 20, 1991 (91201)

---------------

3000---------------- -----------

3000+ ,J

U) -1000±- 7-7- - 1----------- --------- -----
S-4000 --- ----- -

> -50c0--

-6000=::+ J I I I -j
IM+ -L Ir - . .

13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00
13:30 14:30 15.30 16:30 17:30 18:30 19:30 20:30

TIME (GMT) FROM 1300-2000 HOURS

FIGURE 15
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ATMOSPHERIC ELECTRIC SENSOR #26
JULY 20, 1991 (91201)

loco- -------------- - -----------
rr-

I 0 00 7--i---7--------•7---- -

S-3500 --------- - --> --4000--------------
4500 . ."------ - ----------- --5= -!5000----"-

.-- - -, ---- -----
- - - - -3-- - ---- ---- ------ r----.----. ..---
: " 88+::::I I I I I I I I I

7 0 F I I I I I III f I I I

1:00 14:0 15:00 a16:00 17:00 18:00 19:00 20:00
'13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30

TIME (GNMT FROM 130020CCO HOURS
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I
ATMOSPHERIC ELECTRIC SENSOR #28

JULY 20, 1991 (91201)

-----------------------------------

3500-,. 0o00-" ---"----- -- -- _

I . . . ... I I I ---I I- - - - - -
.-5---- -------- --------> ••J ItO , , i i f 4, ! I I

C/)1000-r
-500 ------- - - - - -- --- --

2000 3. II IiI

I C1 1 1

-35007 - -----------------------------
3-3004-- -1--r---,--- ---------

I I I I I I I

•' ---------------Ir ,-_-_--_---- '---------- !----------q------Z--i-
-35000 I I

"13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00
13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30

TIME (GMT) FROM 1300-2000 HOURS
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I ATMOSPHERIC ELECTRIC SENSOR #30

1 JULY 20, 1991 (91201)

5 X 0 . . ... . ..-o -- ---------

10W --- -----------
3000 r , , ,

00-- ----- --------- ------ ------- /---- --- -- ---. . . ..--- --------
3 -0-- .1-- --------

1-100 - ---, -------- -------.----.-----.--. ---- -- -----

Ca -.... -- -. . - - --. .
---------- --------- -- ------------

3 ~5O~j:? ::::z::~::---- - - -

~------------------------------ ---•-_-_- •- -•-eF-e---------'----
----------------------------------------- o -.

"I5-80"0 -- --------------' ' '----'-I' "-

II

i"8.0)o500 *14- 0 .. . 15---'---; 160 ' 17,0 * 18, l, 0 20.00
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I ATMOSPHERIC ELECTRIC SENSOR #8
JULY 19, 1991 (91200)

3000. S .............................................. .......| ~ ~~~~2500 -.... f..... -- .....- .....--- .....--- .....--......--.... --....-----....--.....- ...... i... ...•...
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.Icoo~~~0 .... ........... :...... -. .... ...i ..... i..... T.................. ...... !......"....i...
. . . ... ............. . . . .._ _.......

. . . :........ .... -- -----.....-
1 ........... ..... .......... ..... ,..... ,,f............ . .......... . .. ......

- c• o L... . . . ....... '. ..... .i ....... .. . .T..... .: ... : . .. ...... • ..... :...... !......

I.
3 TME(-T2130-200H-

> 20 0 ...... -'......-. ..... "...... "...... ... ...... ..... -... -. ... - ..... i......i... ... i...
-25000 ..... .. ..... ...... ". ...... "...... ". ........ . ----- ............ .- ............ :............. ."..

|-3c oo , ------. : --- ...... i .... i ...... ; ...... ; ...... • ...... ...... L . ...... i. ..... • .... i ...... i...... :...... •......

13:00 0 14:00 1 15:00 '16*i00 '17:00 '18'.00 g' 1900 ' 20,:C'O

13:30 14:30 15.30 16:30 17:30 18:30 109:30 20:"30
I ~TIME (GM"T) 13C0-2000 HRS

3 FIGURE 19
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ATMOSPHERIC ELECTRIC SENSOR #12
JULY 19, 1991 (91200)
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i c o J ... ---------------------------------- . .... ...... ! ..... ...... I, ------ ..... i ...... ! ...... .. ..! ...
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3-13000------

"-3 ........... . . . ...... ............ o . . ... ...... . .... .. " . ........ ..... .. .........-23 o -00t ....... ....... . ..------------------ .....-- . .. . .... i ...... i ...... •.....
-4CC "

13:00 14:00 15.00 16:00 17:00 18:00 19:00 20:00
13:30 14:30 15:30 '6:30 17:30 18:30 19:30 20:30

TIME (GP) 1,.,00-2000 HRS

3 E G~l" i•

I



* 68

I
I
3
I
I

ATMOSPHERIC ELECTRIC SENS2 .- #13
JULY 19,1991 (91200)
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2n500---------- --------
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-2500-
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I I
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ATMOSPHERIC ELECTRIC SENSOR #16
I JULY 19, 1991 (91200)

S| I I I I I I I I I24-00------------6------- -'---
2100
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ATMOSPHERIC ELECTRIC SENSOR #26
I ~JULY 19, 1991 (91200)
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ATMOSPHERIC ELECTRIC SENSOR #283 JULY 19,1991 (91200)
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ATMOSPHERIC ELECTRIC SENSOR #30
JULY 19,1991 (91200)
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ATMOSPHERIC ELECTRIC SENSOR #8
JULY 22, 1991 (91203)3 . .. .. . .I I'I I110 0 0 ; , ,, , , , , , ,
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ATMOSPHERIC ELECTRIC SENSOR #9
JULY 22, 1991 (91203)
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II ATMOSPHERIC ELECTRIC SENSOR #12

JULY 22, 1991 (91203)
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I
This research focused on the relationship between the

fair weather electric field and the sea breeze convergence
zone at the KSC/CCAFS. Wind sensor and electric field mill
data from the CaPE project were analyzed. This study did not
reveal any clear indication of a higher electric field
during sea breeze convergence. The two phenomena exist, but
their interactions would appear to be weak. The expected
interaction might be found in bigger data sets or through
other types of analysis.
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